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The review of the supplemental NDA, 20-221/S012 recommends deletion of the amifostine and
cisplatin drug interaction statement from the Clinical Pharmacology section of the package insert
(appendix 1). The sponsor has submitted published literature in support of the proposed statement
in the package insert. The short duration of plasma sampling to access the pharmacokinetics of
ultrafilterable and total cisplatin in the literature study (appendix 2) fails to provide adequate support
for the lack of interaction between amifostine and cisplatin as proposed in the package insert.

In the supplemental NDA the sponsor is seeking approval for the use of Ethyol to reduce the
incidence and severity of radiation induced xerostomia. Ethyol is currently approved for the
reduction of the cumulative renal toxicity associated with repeated administration of cisplatin in
patients with advanced ovarian cancer or non-small cell lung cancer. The recommended Ethyol dose
is 910 mg/m’ once daily as a 15-minute LV. infusion starting 30 minutes prior to chemotherapy. The
recommended dose of Ethyol for the ne\? indication is 200 mg/m’ administered once daily as a 3
minute I.V. infusion starting 15-30 minutes prior to radiation therapy.

In the submitted supplemental NDA, the sponsor did not submit any pharmacokinetic study to
support the proposed indication since the dose of Ethyol for the new indication is substantially lower
than the currently approved dose. Therefore, the effect of radiation on the pharmacokinetics of
ethyol is unknown. The sponsor submitted a published article (Influence of Amifostine on the
Pharmacokinetics of Cisplatin in Cancer Patients. Korst, et al., Clinical Cancer Research, Vol. 4,
331-336, 1998) in support of the proposed changes in the package insert. The package insert states
that “Patients treated with Ethyol and cisplatin showed a minor increase in the ultrafilterable
platinum t % a (0.8 vs. 0.6h), a decrease on the platinum t % B (0.3 vs. 0.4h) but no changes in AUC
or Pt-DNA adduct levels, compared to patients treated with cisplatin alone.” The plasma sampling
was up to 24 hours in the published study. The elimination half-lives of the ultrafilterable platinum
and the total platinum are greater than 24 hours. The Agency requires analysis of plasma samples
at least up to three half lives for a long elimination half-life drug to adequately characterize the
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disposition phase of the drug. Therefore, the study failed to adequately characterize the influence
of amifostine on the elimination of ultrafilterable and totalcisplatin.

The sponsor is currently evaluating the pharmacokinetics of cisplatin (120 mg/m?) following a 15-
minute infusion of amifostine (740 mg/m?). The sponsor provided a partial report of this drug
interaction study (Report No. ETH PK2) in the submission. The sponsor is also evaluating the
pharmacokinetics of amifostine (910 mg/m?) administered as a single 15-minute infusion (Report
No. ETH PK3). These study reports should be submitted to the Agency for review and update of
the Clinical Pharmacology section of the package insert. '

Comments:

1. The literature article submitted fails to conclusively support the lack of interaction between
amifostine and cisplatin due to shorter duration of plasma sampling compared to the half lives
of both ultrafilterable and total cisplatin. Therefore, the proposed information regarding the lack
of interaction between amifostine and cisplatin in the Clinical Pharmacology section of the
Package Insert should be deleted.

2. The ongoing study evaluating drug-drug interaction between amifostine and cisplatin should be:
submitted to the Agency for review and to include appropriate cisplatin-amifostine interactior
information in the Package Insert.

Recommendations:

The submission fails to support the proposed changes in the Clinical Pharmacology section of the
Package Insert. The statement regarding drug-drug interaction between amifostine and cisplatin in
the Package Insert should be deleted.

-

The Recommendation and the Commentg’ should be conveyed to the sponsor.
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INTRODUCTION

Amifostine  (Ethyol, WR-2721, [5-2-(3-aminoprop_vlamino)~ethyol dihydrogen
phosphorothioate] is an organic thiophesphate in clinical development as a protective
agent for normal tissues agains: toxicity of chemotherapy and radiation.

OBJECTIVE

The objective of this study is to evaluate the pharmacokinetics of amifostine (910
mg/m°) administered as a single 15-minute infusion.

STUDY CONDUCT

The pharmacokinetics of single dose amifostine were evaluated in 13 patients who
were parmicipating in clinical trials at either the . . . _(six
patients) or the _{seven patients). Each patient received a N
single 15-minute infusion of amifostine at a dose of 910 mg/m’. Blood samples were -
scheduled to be taken at 0,369 12 15, 16, 16.5, 17, 17.5, 18, 20, 30, 45 and 60
minutes after the start of the amifostine infusion. All blood samples were
subsequently sent to thel ) ) Jor pharmacokinetic analysis.

L vas used to measure parent drug concentration in the blood
samples as previously described.(1) Pharmacokinetic parameters were estimated
wsingthd " )pharmacokinetic model-independent non-linear regression software
Systemy Area under the blood level concentration (AUC) curve was transformed
prior to the analysis by taking the log, of AUC and was transiormed back after the
analysis by taking the antilog,, of the mean log,, of AUC. Type III Sums of Squares
were performed tesiing the significance of each effect after adjusting for all other
effects.

RESULTS

TABLE 1 summarizes the pharmacokinetic parameters of the 13 patients who
received a single 15-minute infusion of amifostine at a dose of 910 mg/m’.

Fl

030

(P3]

031



/a-—\_\
. .

REFERENCES

1. Shaw, LM, Bonner, HS, Turrisi, A, Norfleet, AL, and Glover, DJ. A liquid
chromatographic electrochemical assay for

S-2-(3-Aminopropylamino)
ethylphosphorothioate (WR-2721) in human plasma. J. Lig. Chromatog., 7: 2447-2465,
1984,

AY
, gARS THIS W

dn

032




v

JOURNAL OF LIQUID CHROMATOGRAPHY, 9(4), 845859 (1985)

MEASUREMENT OF S-2-(3-AMINOPROPYL.-
AMINO)ETHANETHIOL (WR1065) IN
BLOOD AND TISSUE

L. M. Shaw, H. S. Bonner, A. Turrisi,
A. L. Norfleet, and M. Kligerman

Departments of Pathology and Laboratory Medicine
Radiation Therapy and the Cancer Center of the
Hospital of the University of Pennsylyania
Philadelphia, Pennsylvania 19104

ABSTRACT

A procedure for the analysis of blood and tissue specinens for -

WR1065, the deghosphorylated mecaboldi e of the radioprotecsive drug
WR2721, has been developed. The method includes the use of a par-
chloric acid/EDTA extraction Stap at 0°C followed by ch.:ona::q:aphic
analysis using a mercury/gold thin £i1a electrochenical detscsion
liquid chromatography sSystea. The extraction tachnique was designed
to assure the stability of both WR1065 and any WR2721 present in
blood or tissces. Using the described chromatography condizions and
an analog of WR106S, J-(4-u1nopropyluino)propane:hial (WR251833),
as an intarnal standard the respective retention times of these two
conpounds are 6.2 and 8.3 aminutes. Experiments showing the applica-
bility of this asthod to pharaacokinetic studies of WR2721 and
WR1065 and to investigation of the kinetics of WR2721 hydrolysis {n
biological fluids Ssch as stomach Juice are described.

WR2721 {3 an experizeatal drug that provides significant radic-

proteczion to many noraal tissces but provides litzle or no protec-
848
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WRI1065 IN BLOOD AND TISSUES

847
The prepared spacizens are analyzed directly with an HPLC zethod
using a mercury/gold amalgaa electrocheaical detector at the - -
selective potantial of + 0.15 volts.
MATERIALS AND METHODS
Aocaratus ’
A Biocanalytical Systems LC-304 liquid chromotagraph includiag a )

dual piston puap operated at 3,500 psi and a @ercury/gold electso-
chenjcal deteczor wvas used as previously described (11). Column
teaperature vas maintained at 25°C with a temperature jacket. All

teflon tubing was replaced with staintess stael t5 exclude oxygen.

. The column used for these studies was the BAS Bioghase 00S Su (4.6 x ‘

250 ma). The mobile phase was continucusly purged with aittogen to

reaove dissolved oxygen.

Cheaicals _ -

§=2<(3-2ainopropylaaino)ethanethiiol (WR106S), S«2-(3~aninopro=~
pylasinolethylphosphorothicats (WR2721), and 3-(4-azinopropylanino)
propanethiol (WR251833) were supplied to us by Dr. Lawrence
Fleckenstein of the Unitad States Aray Medical Research and Develop~
@ent Com=anrd at Walter Reed Aray Instituta of Raseazch. Acetan_i-
tzile and aethanol wers obtained frem Plscher Scientific (Xing of
Prussia, PA) and 30;1\!: oczyl sulfate vas from Eastman Xodak Co.
(Rochestar, NY). All other reageants used vers of the highest

analytical grade available.
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tion to Bany experizenta) Tuzors (1,2). Several Teports have shown

—~e

that WR2721 provides significane Protection 4gainss the toxic
effeczs of the che:or.heupeuuc drugs, cisplatin and qclo:phospha-
mide (3,4). A third phu:acologic action of WR2721 4s ies hypocal-
c8aic efface (S). ﬁe ain:;le dose phase I trialg oL WR2721 as 3 -
radioproteceor and cheaoprotac:cr have been ccaplezad (6,7,8) ang

the drug has been shown to be effective {n Feducing ene serua

WR2721, {s generally Tegarded as the active fory of the Parent drug

and/or the Precursor of active fora(s) of the drug (4,e. ‘the Syane- :
trical disulfide of WR106S or tixed disulfides of the latter and -
endogencys Sulfhydryl ceu;pounds such ag CYsteine, Jlutathione and

Proteins), raue ia order ¢ e3tablish the optiaal dosage aag tine -

3equence of the Protactor and Teatsent {n Patienes ¢ 4, essential

to be able ¢o Beasure both WR2732% and WR106S {n blood and tissyes,

Although pethods for Beasuring WR2721 and WR1065 have Tecently been

described (10,11,12, 13} there ase no exlsting meilods for Satisfac.

torily Reasuriag boty WR2721 and WR1065 {n blood and tissyes,

Efores tg achieve thig goal have been hampered by the fac: thae

€ach coapound bas s‘:\ib.luty Probleas thae 4re diffarane, Thus, the

Challenge has been to devige a4 blood and tissue Preparation lethed

that assures stabiliey for both ‘WR2721 and WR1065 ang wvhich (s
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8423 SHAW ET AL

Sazole Precaration and Chromatography

Unless otherwise noted Specinens wvere Processed at QeC by

adding an aliquot of a solution of 20l/L perchloric acid in 2.7
waol/L disodiun EDTA to an aliquot of the Sample to be Analyzed {n

the ratio 2 to S, respectively. Saaples thae contained procain wvere

centrifuged in the cold (4°C) for 15.min i order to prepare the

chreaa tograph. Twenty

microliter aliquots of the protein-free specimens were injected onts

a Biophase S u octadecylsilane column (250 x 4.6 am) that was
maintained at 25°C with a constant teaperature jacket. Elution of
WR1065 at 6.2 min and the internal standard WR251833 at 8.3 nin wag

phase

‘ containing 0.1 mol/L zmonochloroacetic acid and 1.0 mmol/r sodiunm

\

|

|

|

|

|

\

|

i Supernatant fraction for injection fnto the
|

|

|

achieved isocratically using a 40w (v/v) methanol/water aobile
| .

|

|

octylsulface, py 3.0, at a flov rate of 1.3 al/min.

RESULTS AND DISCUSSION

. Detection, Linearity and Sensistivisy
{ P
~

A linear sweep voltazaogras of a solution of WR106S is display-

ed in Figure 1. The voltaasogram SRCws that the sulfhydryl is oxi-

dized at the surface of the mercury/gsld azalgan electrode at a lovw

potential. This {3 consistent with the observed electrocheaical

properties &f other s :1Mydry)l ceapounds Such as glutathicne and

cysteine (14) and shows tha: ehe sersury/gold electrode set at a

Potantial of + 0.15 ¥V wieh respect t© 2 Agyagcl reference electrode
A typical chro-

] . is a suicable detector for HPLC analysis of WR1065.
)
| matograz showving detectsr fesponse versus elution time for WR1065
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FIGURT 1. A linear sweep voltamogran of 4 mmol/L WR1065 ia an
aquecus solution of 0.1 mol/L monochloroacstic acid and 1.§ amol/L
sodiun octylsulfats, pH 3, using a percury/qgold electrode.

% and WR251833 is shown in Figquse 2. The ratioc of peak heighes of
1 varying concentrations of WR1065 to that of tha internal scandard ) |
‘ WR251813, at a concentration of 100 umol/L in an aquecus solution .
contalining 10 m=ol/L Tris, pH 7.4, and 1 g/L sodium EDTA, was deter-
sined. The inccease in the ratio of WR106S5 peak heights to that of
the internal standard was litear over the WR1065 concentration range

of 2.5 to 250 umol/L (R2 = 0.998). The limit of sensitivizy vas

detarained: 2 mol per injeczed saaple (100 nmol/L of saaple}.

.
~

Sanple Precaratiod

The use of the perchloric acid/IDTA solution at 0°C for sanmple
Preparaction {3 critical to the analysis of WR1065. It has been
shown for sulfhydryl ccepounds such as qluuﬁ.‘d.or.e that at neutral

PH autoxidation occurs in deproteinized samples (15). Fursher if
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FIGURE 2. A. Gircoatogran of a mlxture of 2 solution of 100 uzmol/t,
WR1065 and 100 w@ol/L WR251833 and perchlocic acid/EDTA solution §n
the proportions described in Matarials and Methods, Sensitiviey 44
100 nA full scale. B, hronatogran of Perchloric acid/epTaA extrace
of noraal human blood to which vas added 200 wol/L WR1065 azd 100
u30l/L WR251833. Sensitivity 13 200 A full scale.
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WRI06S IN BLOOD AND TISSUES . 51

TABLE 1

Decrease of wr1065 Concentration in Whole Blood at o°c

Incubation time WR1065 Concentraeion Percent
(ain.) (waol/L) Original Concensration, o
0 205 (1.06)8 100
30 125 (0.5) 61
€0 106 (1,0) S2 °
120 101 (2.8) 49
180 85 (0.7) 41

Husan blood from a healthy subject vas colleczad {n EDTA vacu-
tainer tubes. 3.0 al of a fresnly Prepared ice-cold solution of 1,9
g/L disodiua EDTA, 10 a=ol/L T-is, pH 7.4, containiang 1.33 2a30l/L
WR106S and 0.67 a20l/L WR251833 was added to 17 Bl of the {ca cald
blood sazple.

At the indicated times 4 3 al aliquot of the blood saaple vas
taken and hnediauly added to 0,4 mf, of ice-cold 13 ROl/L perchlorie
acid, 2.7 amol/L disodiua EpTA solution., Furcher sampla Processing
and chrcmtaqraphic analysis wvere perfor=ed as described in
Haterials and Methods.

a Each result is the average of triplicate deu'::tinauon:. Values
in parentheses are standard deviations,

>

glutachione {s added to husan Plasaa and incubatad 4= 37¢c, ¢ rapid-
ly disappears to produce glutathione disulside (16). We have found
that WR1065 added to norzal huaan blood ard incubated at gec rapidly
disappears, Presudadbly, to fors disulfide and mixed disylfide
products (Table ;)\.‘ T™his procass is Preventad by the l=nediate
tTTeathent of hlood- wvith the perchloric acid/EDTA soluticn as descziha
ed above. It has been shown thate autoxidation of I Nydsyl com-
pounds {3 minizal at low PH and thae Precipication o2 blood protains

Teooves any possible enzyses that could catalyze nelMydryl oxida-
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i TABLE 2
Oeterainacion of the Accuracy of the HPLS Methed
Whole Blood Lives
Spiked-in Percenc Percenc
WR1065 Conc. Hean Measured Ceviation Hean Measures Deviation
(uzol/1) Conceatsation (D) Concencracion (D)
5 5.01(0.084) 0.2 4.87(0.17) -2.§
L] 53.6(1.45) 7.2 57.9(1.56) 15.8
100 107(1,.92) 7.0 102(0.44) 2.0
200 201(3.91) 0.5 187(3.01) -6.5

Average ¢ D = 3.9

To ice-—cold aliquots of a ool of blood colleczed frzm 5 healthy
volunteer were added the indicated WR1065 €oncencrations, Using the
procedure described in Table 1 the blood specizens wvere =
iamediataly afear addition of the ice-cold WR1065 soluticn, e
Saze spiking-in procedure was used to detarmine the 4dccuracy of the
WR1065 HPLC analysis mechod for gouse liver hcaogenate. 1the lacter
vas prepared frem norsal mice by hcuoqenizinq A pixture of 1 g of
liver {n a tocal volume of S oL of 1 §/L discdiun EDTA, 10 maol/L
tTis, pH 7.4. The concentration of WR251833, the internal standard,
¥as 100 wmol/L in all specizens. Fach 2easured ccrcentsation is the
tean of 4 determinations and the numbess {n Farentheses a-e standard
deviations.

tion (1S). Since the disappeararce of WR1065 in blood a= 0°C {3 s0
rapid iz is essential to iazediacaly treat blood sazples cantaining
WR1065 wich log—<cold pezchloric 4cid/TTTA solusien. When procassed
in this vay we c;buined ve:y' qocd recsvery of WR1065 thas had been
added €5 hu=an blood or mouse liver hcacgenate {(Table 2),

Thus it is essential that these lov PH cordizions be used ip
order to obtain accurate WR1065 values. Since Seasureaents of

WR1065 are often mace in the presence of WR2721 i= is iazorzan: e
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WR106S IN BLOOD AND TISSUES . 253

establish vpe:het or not the perchloric acid/EDTA sc.l.uL‘on produces ° -
significant hydrolysis of the latzer at 0°C. The rate of non-

enzymatic hydrolysis of WR2721 {s sctrongly dependeat on pH

(10,17,18) and teaperature (18). The rate increases with decreasing

PH and decreases with ‘decreasing teaperature. We detersined the
pseudo-first-order rate constant for hydrolysis of WR2721 in the
perchloric acid/EDTA solution at 0°C and obtained a value of 0.108- x

1073 min=! (Table 3). Thus the rate of hydrolysis of WR2721 under

these conditions would be 0.011% per minutas or about: 0.6% per hour.

This very slight rate of hydrolysis will not produce significant

false increases in WR1065 concentration for the duration of a

vorkday (~4.2% over 7 hours). As shown i{n Table 3 the WR2721
pseudo-first-order hydrolysis rate constant in the perchloric

acid/EDTA solution at 25°C, 8.0 x 10-3 ain=', 11 74 tizes that at .
0°C. At 25°C WR2721 hydrolysis would proceed at a rats of 0.8% per
ainute. Thus, in order to preclude production of significant .
quantities of WR1065 from WR2721 using the descrited sample

p:epgza;ton proceduse it is essential t> maintain sasples at 0°C at

all tizes prior to injection onto the HPLC coluan.

WR1065 blood csncentration in a matient civen multiole WR272%1 doses

-

The apphcabi!_ity of the desczited techniques to pharsaco-
kinetic s:udie: is illustrated in Figure 3. WR2721 ard WR1065 blood
concentrations vere plotted versus tize in a patient vho vas given S
sultiple intravenous injeczions of 150 =q/M2 WR2721. The first 4

were given every 4 ainutes and the £4f:th and lasc was adainistered 3
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TA3LE )

Psex’do—?k:t-@r:‘er Rate Constancs for Hydrolysiqy of WR272)

Mr::-or:.‘.er
tate conse,
. x 103
Tean, PH (2in-1) T1/2

9.4 mol/L 110, 0°C  0.80 o0.10g 107 hr
1 mmol/L sodiua EpTA
0.4 mol/t ucio,, 25°c 0.80 " g.g 87 ain
1 mmol/L scedium EpTA
Normal himan ftomach juice 37°C 1.74 22.74 30.5 mia

The Peuvdo-first-grdar fats canstant gor hydrolys_;s of WR2721
¥as obtained frog WR1065 concentrations Beasured by thne descrined
elecuochencal liquid chzou:oqraphy Bethod, por each race

€onsecucive {0 minute {ntarvals for the 25¢¢ study 4 Perchloric
ACid/EDTA, 4 consecutive 1 hour intervals ang 4t 24 hours for the
0°C study in Perchloric 2cld/EDTA and § consecutive 20 ainute .
intervals for the 37¢¢ study {n setomach Julca. 1 €ach stidy the
the reaction mixture was hydrolyzed ccapletsly eo WR1065 by ircita-
tion of 4S°c for 2 hours. The p:eudo-nr::-order Tata constane for

the hydrolysis reaction was obtained freom the slope of the plot of
the natu-al logaritha of the diffarence between WR1065 Produced ae

minuzes afzer tha‘!\ou::.‘: dose. The data shovs that w1063 Canceacra-
tion in bleod lncre;aed Steadily during ehe tiae interva) of the firse
four doses, Teached a placeau ConcentTation of akout 100 wol/L then
deczeased ¢ a concentration of 3% S20L/L 60 ainyces aftar the fizate

dose wvas given. wr273% corcentration declined Fapidly after reacting

4 corcentration of 1200 <=0l/L 30 3econds aftar ad:inl.s::auen of
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FIGURE 3. A plot of the log WR2721 and WR1065 blcod concentrations
versus time {n a patient who was given four Eolus {njeczions of 150
89/42 WR2721 at 4 minute intervals ard a 2isen polys {njeczion 3
Rijutes afser the fourch dose. FEach moinz i the average of
duplicats deterainations.

the £ifth bolus dese. 10 2inutes afzer the last dose the WR2721 con-
centration became lower than that of WR1065, Thus w1065, r.‘.e.t:ee
su.l.thydryl setabolite of WR2721, appeared {n the bloodstresm of the
patient shon;.!’._y after adairistration of WR2721 and resaized {n bload
at higher concentrations than thae of WR2721 for a lorger pericd of
tise. It has previously been shown that WR1065 apoeaxs {n vuiéu.s
tissues shorsly afear intzavencus adainistcazion of WR2721 to mice
(12). Furthersore tissue concentrations of WA2721 have been shown

by us to be, Ln general such lewer than thosa of WR1065 in aice
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856 SHAW ET AL

shorzly afzar adainiscracion of WR2721 (19). Thus the rapid - o
decrease {n WR2721 concentration and rapid appearance of WR1065 {n
the patienz’'s bloocdszreas i3 consiscent with the Obsesvations of the
fast rate of appearance of WR1065 in BOuse tisgues afzer WR2721
adainiseracion,
It is very likely that wR1065 reacts, in vivo, wicy other endo- -
Genous coapounds such as Cysteine, glutathiocne and cerzain proteins
o forn mixed disulfides. Future studies will he fequired e

ideazity ance quantitate these.

Produczion of WR1065 frem WR2721 in human Stemach juice

It has Freviously been noted that after ora) adainiseracion of : -

WR2721 there is a rapid and significant loss of the radioproteczive -

activity of the compound (10). This has been preswmecd ¢o result
frea acid-catalyzed hydrolysis of WR2721 o produce WR1065. m? -
lacser then Presumably was further metabolized to i{naczive conpounds

resuliing in a loss of radioprotecsive activity., oOur data in Table

A‘
v

3 shov thac the Tate constant for WR2721 hydrolysis {a a Specinen of
nomal human stomach Juice (pH 1.74) is 22.74 x 10-3 ain=l,  ne
half-1i4e gor hydrolysis of wrR2721 in the stomach juice sample is,

thesefore, 30.5 ainutes. Thus there {s a fairly rapid race of hydro-

«
~

lysis of WR2721 in s;i;nach Juice. Although some f{netae= WR2721 mighe
Teach the small intestina in subjeces given the drug orally ic {s
very likely thas the resaining drug would be rapidly degheschorylas-

ed at the surface of intescinal microvilly by alkaline phesphatase.

The latzar plasaa menbrane enzyme is Present in high cSncentrations
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12 s2all inzescinal aicrovilll (20) and it has been shown to readily

catalyze the dephosphorylation of WR2721 (11).

This work was su;p‘otu(by the Hational Cancer Institute Grant
CA-30100 fzcn the Department of Health and Hunan Services and by an
inscitutional grant frem the Azerican Cancer Society, we thark Ors,
<ohn Glick, Ronald Shoup and Robert van Etten for helzul discussions
©f this wrk and Drs. Daryll Brown and ann Quyang for the =ocuse

Liver and rorzmal human stomach juice specimens respecsively.
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Background: To determine the efficacy, toxicity and pharmacokinetics of intrapleural cisplatin
(CDDP) and etoposide as a treatment for mali gnant pleural effusions (MPE) in patients with
non-small cell lung cancer (NSCLC). Methods: Seventy patients with MPE associated with NSCLC
were enrolled in this study. In 68 patients, a catheter was inserted into the pleural cavity, within 24 hr
after complete drainage of the pleural effusion, CDDP (80 mg/m2) and etoposide (80 mg/m2) were -
simultaneously administered successfully via the catheter and the catheter was clamped. Seventy-two
hours later, the catheter was unclamped to allow drainage. The catheter was removed when the
accumulated intrapleural fluid decreased to 20 ml or less per day. Results: The pharmacokinetic
profiles showed high maximum concentrations of CDDP (free form, 88 microg/ml) and etoposide
(182.4 microg/ml) in intrapleural fluids. CDDP did not remain for a long period (free form,
beta-phase half-life = 10.51 h) in the fluids, while etoposide persisted for a long period (beta-phase
half-life = 62.53 h). The overall response rate was 46.2%, the median survival time 32.3 weeks, the
1-year survival rate 28.7% and the 2-year survival rate 12.8%. The most serious adverse reactions
were WHO grade 3 anemia (3 patients), grade 3 nausea and vomiting (17 patients), grade 3
constipation (1 patient), grade 3 pulmonary toxicity (1 patient), grade 4 fever (1 patient), grade 3
infection (1 patient) and grade 3 mental disorder (1 patient). Conclusion: Intrapleural administration
of CDDP and etoposide was an effective and acceptable regimen for patients with MPE due to
NSCLC.
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A LIQUID CHROMATOGRAPHIC ELECTROCHEMICAL ASSAY FOR
§=2=(3-AMIDNOPROPYLANING ) ETHYLPHOSPHOROTHIOATE
(WR2721) IN HUMAN PLASMA

L.M. shaw, H. Bonner, A. Turrisi, A.L. Norfleet and D.J. Glover
Departments of Pathology and Laboratory Medicine, Radiation
Therapy, Medicine and the Cancar Center of the
Hospital of tha University of Pennsylvania
Philadelphnia, PA 19104

ABSTRACT

A liquid chromatographic electrochemical uethod for the
determination of the radioprotactive drug WR2721 in human plaama
has been developed. This msthod includes the use of a Hg/Au
electrochemical detector for the direct measurement of WR2721
concentration. An analog of WR2721, S-3-{4-aminobutylamino)
propylphosphorothioate (WR8085S) is the intarnal standard. The
- retention times for WR2721 and WRB0855 are approximately 4.5 and

9 minutes, respectively. WR1065, the free sulfhydryl metabolite
( = of WR2721, 43 retained on the column under the described chromato-
graphic conditions and therefors does not intarefers with the
determination of the parent drug. With modification of the
mobile phase WR1065 is eluted fram the column at a retsntion time
of approximately 20 minutes. This method has good linearity,
precision and accuracy, and is free from intarference from endo-~
genous plasma substances. Preliminary results showing the appli-
cability of this method to human pharmacokinetic studies and to
investigating the enzymatic hydrolysis of WR2721 are presented.

~ .

I\

INTROODUCTION

l A number of studies in animals have shown that WR2721 pro~-
vides significant protection of normal tissues froam radiation

L injury (1,2). Racent observations suggest that this experimental
2447
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drug wiy) alsgo Protece norma] tissues from ukyla:mq ageng
toxicicy (3). on the other hand, tpe radiosenaitlvi:y of a
Aumber of 30154 ANimal tumgrg is not altered by the adniniger,.
tion of WR2721. The recent obaervat.ton of tacilitated Uptake of

substances and thae could Teadily he adaptad to the anelt:iqat:ion
of Betaboliteg, We describe here our wpyc @ethod., 1y, direce

AEEZ‘&CLB

and shoup (9, Coluxin,:empera:ura Y48 maintaineq 4 259C with o
temperature jacket, All taflon tubing was Teplaced with stain-
lesg 8teel ¢o axcluyde oXygen. The €olumn ugeq for these Studieg
was the mag Biophage ODS 5y (4.6 X 250 gm), The mobjile Phase wag
conti.nuoully Purged wien nitrogen ¢o Tesove dissolved OXxygen,
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mino)ptopylphosphotof-hiodte (WR80855) were Supplied to ug by
Or.. Lawrence Fleckenstein of the United Sutes-l\nny Medical
Research and Development Command at Walter Reed Army Institute of

Research. Acetonitrile and methanol were obtained from Fisher
Scientific {(King of Prussia, PA) and sodium octyl sulfate wag
from Eastman Kodak Co. (Rochester, ny). Acid phosphatase iso-

Norman Yang, iscenzymae s Prepared from human Splaen wasg a gift
from Dr. B1ll Lam, duman liver alkaline pPhosphatase wag a gife
from Dr. Claude Petitclerq and the calf intestine enzyme (Type.
XXX-TA) was obtained frem Sigma Chemical co. (Sst. Louis, Mo).
All other reagents used were of the highest dnalytical grade
available.

Sample Preparation and Ch:omtogtaphy

Plasma specimens were prepared, at 4 oc, Lmdiar.ely froa
blood drawn into EDTA vacutainer tubes which had been storeda in B
an ice bath. To a 1 mr, aliquot of each Plasma gample was added
0.1 aL of a 1 omol/L aqueous solution ©of the internal standard
WR80855 and the 8amples were then gtored at =70 ©C unei] they
a ) were analyzed. Just Prior to analysis the Plasma specimens were
( A thawed and maintained a4t 0 9C in an jce batn. In order to remove

©of each thawed Plasma specimen, After mixing, the samples were
spun in a refrigerated centrifuge at 4 oc, Twenty microliter
aliquots of the Supernatants were injected onte a Biophase Su
octadecylsilane coluﬁn (250 x 4.6 mm) that was maintatined at 25
°C with a constant temperature Jacket. Elution of WR2721 and the
internal standard WRB0855 was achieved isocratically using an
4quecus mobile phase containing 0.1 mol/L monochlorcacetic acid
and 1.5 omol/L sodium octylsulfate, pH 3.0, at a flow rate of 2.0
nl/min.

N
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Pharmacokinetic Study

In order to evaluate the application of the HPLC method for
determining WR2721 in human Plasma, a patient wvas Given a single
300 mg dose (3.4 ®g/kg) a3 a 10 second intravenous bolus. Blood
sazples were obtained prior to and after completion of the infu-
sion of WR2721 at 2, 2.S, 3, 4, B, 12, 20, 30, 45 minutes and 1,
2, 4, 8 and 24 hours. The WR2721 plasma concentration versus
time data obtained on the patient were analyzad using the MX
MODEL II PLUS version of the Extanded Least Squares Nonlinear
Ragression Program, ELSNLR (10).

Acid and Alkaline Phosphatase Assays

Acid phosphatase catalytic assay conditions are essentially
those descrioed by Kachmar and Moss {(11). The reaction mixture
contained in final concentrations, p-nitrophenyl phosphate, 5
@mol/L; sodium citrate, 100 o2ol/L, pd 5.0; and 0.1 mlL of enzyme
solution in a total volume of 1.0 mL. Incubation was for 30
minutes at 37 ©C. The reaction was stopped with 0. 1N NaOH and
abgorbance measured at 405 nm. 1In testing for the possible
hydrolysis of WR2721 by acid phosphatase, the latter was substi-
tuted for p-nitrophenyl phosphate at a final concentration of 0.2
ozol/L and the incubation at 37 oC conducted for 30 minutes. A
control reaction mixture consisted of all constituents except the
acid phosphatase. After 30 minutes the reaction tubes were
placed in ice and then 20 uL aliquots were injected onto the HPLC
column for WR2721 analysis. .

Using p-niébphenyl phosphate as substrate, alkaline phospna-
tase activity was measured. The reaction mixtura contained in

final concentrations: p-nitrophenylphosphate, 16 mmol/L; tris
(hydroxymethyl)amincmethane, S0 mmol/L, at pd values of 7.4, 8.0,

8.6, 9.2 and 10.0; magnesium acetats, 2 mmol/L; and 0.02 aL of
enzyme in a total reaction mixture volume of 1.0 mL. Incubation

was for 1S minutes at 37 ©C. Abgorbance was measured at 405 na
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after the addition of 0.1N NaOH. In order to deterzine the race
of hydrolysis of WR2721 by alkaline phosphatase the lacter sub-
strate was substituted for p-nitrophenylphosphate at a final
concentration of 0.2 mmol/L and the incubation at 17 ©C conducted
for 15 minutes. Control reaction mixtures consisted of all
constitusnts except for alkaline pnosphatase at each of the above
pH values. At the completion of the incubation peziod the Teac-
tion tubes were placed in ice and':he 20 4L aliguots were in-
jected onto the HPIC column for WR2721 analysis. 1In a aeparate
chramatographic run these reaction mixtures were analyzed for

WR1065.

RESULTS AND DISCUSSION

Detection

A differential pulse voltammogram of a solution of WR2721 an
the HPLC mobile phase, (an aqueous solution of 0.1 mol/L mono-
chloroacetic acid and 1.5 mpol/L sodium octylsulfate, pH 3.0), is
displayed in Figure 1. From this experimental data it is clear
that WR2721 would be oxidized on the surface of a Hg/Au electroce
set at an operating potential of +0.15 volts. Thus the HPFLC
column effluent wag monitored with a single Hg/Au working elec-
trode at an operating potential of +0.15 volts. A typical chzro-
matogram showing detector response versus elution cime for WR2721
and the internal standard WRB0855 is displayed in Figure 2.

It is important to emphasize the fact that in establishing
experimental conditions for this HPLC assay for WR2721 considez~
able precautions were taken to minimize hydrolysis. since WR2721
18 reported to undergo nonenzymatic hydrolysis with increasing
rates as pH in lowered, conditions in this method mininize the
possibility of any loss of WR2721 due to hydrolysis: plasma
specimens (standards and patient specimens) are stored at -70 °C

until analyzed; use of a neutral polar organic solvent (acetoni-
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FIGURE 1. A differential pulse voltammogram of 4.5 mmol/L WR2721

in an aqueous solution of 0.1 mol/L monochlorocacetic acid and 1.5
mmol/L sodium octylsulfate, pH 3, using & Hg/Au electrode.

trile) instead of an acid, such as pdrchlo::.c acid, for protein
precipitation; a relatively short chromatography tizme and, thare-
fore, short time in the pH 3.0 mobile phase. Swynnerton, ot al.
(12) have measured the rate of nonenzymatic hydrolysis of WR2721%
as a function of pH at 37 O°C. Using a value for Kobs of 0.007
min~! and the standard kinetic equation for a first order reac- .
tion, it is predicted that in 5 minutes at 37 oC, PH 3.0, 3.44n
: of WR2721 would be hydrolyzed. Since the retention time for

( WR2721 is less than S minutes and the operating temperature of

the HPLC column is 25 OC our experimental conditions should not

produce significant losses of WR2721 due to hydrolysis.

Linearity, Recovery, Precision and Accuracy

As shown in Figure 3 the response of the Hg/Au detector was
linear over r.he‘u,;uﬁl concen'ua:.i.on range of 1 to 1000 Umol/L
(R2 = 0.998). The absolute recovery of WR2721 was determined
using '4cWR2721 added to normal plasma (Table 1). 98.4%
(68,688/69,774 x 100) of 14C-WR2721 added to normal plasma was
recovered in the acetonitrile supernatant. Eighty-nine percent
(61,112/68,688 x 100) ot.r.ha labelled WR2721 in the supernatant
aliquot applied to the HPLC column was recovered (a total of

sixty 0.4 mlL fractions were collected and counted).
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FIGURE 2. Chromatogram of S00 Lmol/L WR2721 and 100 pmol/L
WRS80855 in nomal human plasma. Sensitivity is SO nA full scale
through 7.3 min at which point it was changed to 10 nA. The
acetonitrile axtraction step and other experimental details ace
described in Materials and Methods.
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FIGURE 3. The average of duplicate peak height ratios of WR2721

to WR808S5S ovar the range of WR2721 concentrationa in normal

human plasma of 1 to 1000 Umol/L are plotted against WR2721
concentration.

TABLE 1

Recovery of 14C-Wi2721a from Spiked Normal Human Plasmab

Counts per min.

. per 0.02 =L
Plasma containing 14C-WR2721 and unlabelled

WR2721 (100 ymol/L) 69,774
Acetonitrile supernatantC 68,688
Total counts recovered froa chromatogzaphC 61,112
Total counts recovered in WR2721C peak 53.388

as-2-(3~-amifiopropylamino)ethyl-1, 2-14C-phosphorothicic acid.

bHuman plasma from a healthy drug-free subject was collected
in EDTA vacutainer tubes. 0.02 mL of a freshly prepared ice=-cold
solution, in 10 amol/L phosphate buffer, pE 7.4, of 2.5 mol/L
WR2721 and 1.87 X 106 ppM 14C4R2721 was added to 0.48 mL of the
ice-cold plasma pool.

C€Values corrected for dilution of plas=a by an equal volume
of acetonitrilae.
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FIGURE 4. OCnromatogram of 100 Umol/L WR2721 in human plasma to
which 14C-WR2721 had been added. A plot of the 14C cpm for each
of sixty collected effluent fractions is displayed as a function
of time after the sample was injected. Other experimental
details are descridbed in Table 1.

Examination of the chromatogram obtained for this experiment
(Figure 4) shovs that oo radioactivity peak other than that
corresponding to the WR272! chromatographic peak could be
detected. Of the total 14C counts recovered from the column, 87%
(53,388/61,112 x 100) was recovered in the WR2721 peak. The net
Tecovery of WR2721 carried through all of the steps in the proce-
dure is therefore 76.5V (53,388/69,774). These recovery data
ccapare favorably to those obtained by Swynnerton, et al. (12)
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TABLE 2

Detarmination of the Precision and Accuracy of the HPLC Method

Spiked=-in Percent

WR2721 Conc. * Mean Measured Precision Deviation
umol/L conc.a {(SD)CVD (D)ec

2 174 (0.11)6.5% -13.0

L] 5.3 (0.36)6.5% 6.0

40 35.8 (1.22)3.40 =-10.5

200 211 (7.38)3.5% S

800 785 (10.1)1.2% -1.9

Average s deviation = 7.4 (The average

of the sum of the abgolute
values of D)

AThe msan measured conc
mathod for each of four Plas
tion using individually
was 100 umol/L WRB08SS.

b(sD)CcV, the standard deviation and coeffic
of the quadruplicate detarminations.

€(D) is the parcent deviation of the Dean measured concencra-
tion from the spiked-in concentration.

entrations obtained with our HPLC
DA samples at each WR2721 concentra-
spiked specimens. The internal standard

ient of variation

with their recently described fluorescamine

derivatization HPLC
method.

With WRB08SS as an internal standard we obtained the preci-
and accuracy data summarized in Table 2. Using aliquots of .
4 normal human plagma Pool to which WR2721 wags 4dded to final

sion

concentrations ranging from 2 to 800 umol/L we obtained an aver-

age cocttlcicnt"gt variation of 4.4\ and an average deviation

from the spiked-in concentration value of 7.4%.

Chromatography of S-2-(3-Am.nopropylu.tno)ethane:hiol (WR106S5)

WR1065, the free sulfhydryl metabolite of WR2721, does not

interfere with the HPIC assay for WR2721. In coatreol experiments

we tested for the possible appearance of thig compound in our
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chromatograms. WR1065 did not elute from the column during 20
oinutes after injection of 20 uL of 0.1 smol/L and 4 mmol/L
solutions of this campound in 10 mmol/L tris(hydroxymethyl)amino-
methane, pH 7.4, or of 20u L of 0.1 amol/L and 4 c=mol/L of WR1065
in 10 amol/L phosphate buffer, pH 7.4.

By modifying the mobile phase used for WR2721 chramatography
to include 3V methanol it was possible to elute WR1065 from the

Biophase ODS Su column in 20 minutes at a flow rate of 1 mL/min
(Figure S).

Human Pharmacokinetic Study

A pharmacokinetic study was performed on a patient treated
with 300 mg (3.4 mg/kg) of WR2721 administered as a 10 second
intravenous bolus dose. Blood su;plol ware obtained prior to and
after completion of WR2721 administration at 2, 2.5, 3, 4, 8, 12,
20, 30, 45 minutes and 1, 2, 4, 8 and 24 hours. A samilog plot
of WR2721 conceatration versus tims is displayed in Figure 6 and
a typical chromatogram of this patients' plasma campared to the
pre-dose plasma is shown in Figure 7. Examination of the data in
Figure 6 shows that the majority of the drug was cleared froa
plasma within about 5 minutes. Consistent with this conclusion
is the very short distridbution half-life, T1/2 , of 0.84 minute
and the rapid clearance fram the central compartaent, Cl, of
0.977 w/hr/kg calculated froa the data points with the extended
least squares nonlinear regression (ELSNLR) progzaa (10).

Enzymatic Hydrolysis of WR2721

It has been shown in experimants with mice that within 15
minutes aftar administration of an intravancus cdose of WR2721 the
principal metadbolite in most tissues is WRI1065 (S). Previous
studies with mammalian tissues have raised the posgibility that
WR2721, or phosphorothiocates with similar structure such as
cysteamine S-phogsphate, are hydrolyzed by either acid phosphatase
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FIGURE S. Chramatograz of an 4queous solution of 200 umol/L
WR2721 and 200 Mmol/L WR106S 4in 2.7 mmol/L EDTA and 10 zmol/L
::u(hydroxyutnyl)mxncmothmc, PH 7.4, The mobile Phase is 30%
methanol, by volume, in water. Monochloroacetic acid and sodiun
octylsulfate, pH 3.0, are in the mobile phase at final concentra-
tions of 0.1 mol/L and 1.5 mmol/L, respectively. The mobile
phase flow rats is 1.0 al/min. Sensitivity was changed froam 500
nA full scale to 100 nA full scale at 7 min.
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FIGURE 6. A senilog plot of WR2721 plasma concentration versus
time. Each point is the average of duplicate dezerninations.
The line fitting the points is the least squares best fit line
determined with the ELSNLR program (10).
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FIGURE 7. Chromatograms of acetonitrile-plasma supernatants

prepared from A, plasma cobtained frecm a patient immediately

before a 300 mg intravenous bolus dose and 8, plasma cbtained

from the patient two minutes after the dose. The sensitivity is

50 nA full scale. .

(13,14) or alkaline phosphatase (15,16,17) to produce the correa-
% ponding free sulfhydryl metabolite. As shown in Table 3, WR2721
is not hydrolyzad by either human acid phosphatase iscenzyme 2A
prepared fram prostatic fluid as previously described (18) or
isoenzyme S5 from human spleen (19). On the other hand, human
liver alkaline phosphatase, prepared as described by Daigle (20)
and calf intestine alkaline phosphatase do catalyze the hydro~
lysis of WR2721 2§nble 3)e The fact that the rate of WR2721
hydrolysis was h:.(;her than that achieved with PNPP as substrate
using the human liver enzyma, but lower using the calf intestine
énzyme may result from kinetic differences batween the alkaline
phosphatase isoenzymes. More detailed kinetic studies will be
required to characterize this differencs.
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TABLE 3

Rates of Hydrolysis of P-Nitrophenylphosphate and
WR2721 by Acid and Alkaline Phosphatases

Hydrolysis Ratesa
(amol/min/mlL reaction mixture)

WR2721 p-Nitrophenylphosphate

Acid Phosphatase

I. Iscenzyme 2AD 0.0002 2.75

Il. Isoenzyme SC 0 2.07
Alkaline Phosphatase

I. Human liverd 11.49 6.56

II. Calf intestinee® ) 11.25 S08

agach activity value is the average of duplicate determina-
tions as described in Materials and Methods.

beach reaction mixture contained 2.75 ol of iscenzyme 2A
acid phosphatase per ml with P-nitrophanylphosphate as substrats.
In testing for possible WR2721 hydrolysis each reaction aixture
contalined 44,000 mU of iscenzyme 2A acid phosphatase per al.

CEach reaction mixture contained 2.07 oy of isocenzyme 5 acid
phosphatase per mlL with p-nitrophsnylphosphate as substrate. 1In
testing for possible WR2721 hydrolysis each reaction mixture
contained 83 mU of isocenzyme S5 acid phosphatase per mL.

YEach mL of reaction mixture contained 6.6 U of human liver
alkaline phosphatase.

€Each mL of reaction mixture contained 508 mU of calf intes-
tine alkaline phosphatase. All alkaline phosphatase reaction
mixtures were incubated at pH B8.6.

The rate of WR2721 hydrolysis as a function of pd using human
liver alkaline phosphatase is shown in Flgure B. The maximal
rate of hyuoly;ﬁt's catalyzed by human liver alxaline phosphatase
was obtained at bﬂ 8.6. In contrast the optimal pH for the
synthetic substrate, p-nitrophenylphosphate, i3 auch higher than
8.6 (Figqure 8). The highest activity was at pH 10 (the highest
PH valus tested). Previous studies have obtained FH optima, wiwn
p-nitrophenylphosphate as substrate, of 10.2 for alkaline phospha-
tase extracted fram human liver cells grown in tissus culture
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FPIGURE 8. A plot of the rates of hydrolysis of WR2721 and P~
nitrophenylphosphate by human liver alkaline phosphatage as a
function of pH. Each ml of reaction mixture contained 6.6 oU of
QNI Y «

‘\
(21) and 10.'4-'.20: alkaline phosphatase purified from human liver
obtained at autopsy (22). Our finding of different pH optama for
these tw alkaline phosphatase substrates is consistent with
previocus obeervations of the dependence of the pH optiaun for
alkaline phosphatase on both the chamical nature of the substrate

as well as on the substrate concentration (23).
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CONCLUSIONS

The HPLC electrochemical detection method reported he.ta for
the aeasurement of WR2721 has the following advantages:
a) it is rapid, since each chromatographic cycle is 15 Mnutu;
b) it is a direct method which does not require additional deriva-
tization steps; c) it is both precise and accuratas; d) it elimji~
nates plasma proteins prior to clu'ouur.oqznphy using a neutral
polar organic solvent; e) neither the free sulfhydryl metabolite
of WR2721, WR1065, nor endogencus substances from patients'
Plasma co-elute with either WR2721 or WRB0855; f) it is readily
applicable to the study of WR2721 pPharmacokinetics in humans and
to the investigation of its metabolism by mammalian alkaline
phoaphauses._
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OBJECTIVE
To determine the effecy, if any, of a 15-minute infusion of amifostine (WR-?.?ZI) on

the pharmacokinetic parameters of cisplatin (CDDP).

METHODS

Pharmacokinetic Methods

~J

RESULTS
A typical concentration-time course for both total plasma platinum and ultrafilterable

Platinum is shown in FIGURE 1. TABLE 1 Jists the pharmacokinetic parameters for
the six patients studied.
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FIGURE 1: Concentration-time course for both total plasma Platinum and ultrafilterable
platinum following a 30-minute infusion of CDDP at 120 mg/m? 25 minutes after a 15-minute
infusion of amifostine at 740 mg/m’,

: T. 1
Pharmacokinetics of Cispl@/mﬂ Following a 15-Minute Infusion
of Amifostine (740 ¢/m’) in SixPatients With NSCLC
>0 o /%0 70
_ .. Cisplatin Pharmacokinetics (mean + SD)
Parameter ’ Total Plasma Platinum Ultrafilterable Platinum
Peak Cp (mgl) 5 &S =16 52 = 10
AUC (mg/L x min) 17410 % 2796 569 = 135
Cl, (mV/min/m’) ) 48 * 0.9 1?’*23__ R
t% @ (min) J2an 1920 /268 oy ‘
t% B (b) : i 6.7 \210° ¢l
— =V (L) 7.0% 1.6 B SN K
-V, (LUm) 232 =21 , 200 =74
% of dose in 24-h urine 302 =125
% of UF platinum in plasma 84 £75
at end of infusiog N o
% of UF platinum in plasma 96 =19

2 b after end of infusion

* barmonic mean. A

(Abbredations used are: Cp. plasma concentration; AUC, area under tha conceatration-time
curve; C,, apparent toral body clearancs; t!hq. distribution phase half-lif=: t%43, elimination phase
half-lifs; V, volume of the czatral companment; V,, steady-siate volums of distn‘oution)

"~
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The AUC, clearance and Vg calculated noncompartmentally were essentially identical
to those parameters calculated from the biexponential model for both the total Pt

and the ultrafilterable Pt (UF-Pt). For total Pt: 17496 vs. 17410, 4.8 vs. 4.8;and 25.8
vs. 23.2 respectively for UF-Pr: 582 vs. 569; 138 vs. 142; and 196 vs. 200, respectively.

DISCUSSION

The concentration of ultrafilterable Pt (UF-Pt) in plasma declined rapidly so that by
2 hours postinfusion, the concentration of UF-Pt was only 6.4% of that measured at
the end of the infusion. The total Plasma platinum exhibited a much slower decline
in concentration (see FIGURE 1). The low total clearance and long elimination half-
life for total plasma platinum indicates a high degree of tissue binding of platinum-
containing species as has been extensively described in the literature. Detajs of total
platinum pharmacokinetics in both animals and man have shown a consistent pattern
of total platinum plasma clearance, independent of dose and schedule.® The long
half-life of the UF-Pt reflects metabolism and turnover of tissue proteins, containing
irreversibly bound platinum.*

TABLE 2 includes a comparison of the pharmacokinetjc characteristics of cisplatin
in the present study with those included in six published reports. This table includes
the parameters as described in these reports, some of which have been recalculated
from the published data in order to describe the data in simflar units. Taken
together, these reports indicate that the peak Pt concentrations, degree of protein
binding, urinary excretion and elimination of Pt over time rsported in the present
study are similar to the distribution and elearances of total Pt reported in the
literature surveyed in TABLE 2.** Also, initial distribution half-life and clearance of
UF-Pt appears to be similar.

-
~

R4

L)
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TABLE 2

Clinlent Phinrmucokinetics of Cisplatin
(I’resent Stndy Versus Published Dnin)

Present Study Nlelnek? Prelsst Frucasso’  Vermorken' Cullo’ Iteece*
l'urnmeter Totul ur.m Totnl UF-PU “Totd ULy Total UF-Pt ‘Total UF-1y Total  UR.PC Totad 11

Peak Cp (mpiL) 83£16  52£10 93 50 '
AUC (mp/L. xmin) 174102796 56'91:135
Cl, (ml/min/m?) 48209 42428 58 8.6 121
2 o (min) 19.2* 26.8* 15 an 15 22 29
% 0 (h) 56.7° 27.00 79 66 54 26
V, (1/m?) 7.0x1.6 1.7£1.8
V. (Lm?) 23.2 +2.1 20074 36 a8 335 29
% of dose In 24-h urlne . 302 %128 32 24 25
% of UF platlnum In plasma 584+ 75 50 50

at end of Infusion )
% of UF platlnum In plasma 9.6 £ 19 10

2 h afier end of Infusion

* Values based on harmonic mean,

Abbreviations used are: Cp - plasma concentration; AUC, nren under 11
Yaier - disteibution phise half-lfe; 0 - climinatlon phase half-life; v
V.. - stcady-state valwne of disteibution; wotal = 1ol plasma platinum; UF-

1e concentratlon-time curve; C, - npparent ot boely clenrnnees;

« - volume of the centenl compartment;
Pt = ultenfificrable plasma platinum




et

-

As noted above, amifostine was adminisisred as a 15-minute infusion and the 30-minute
cisplatin infusion started approximately 25 minutes after the completion of the amifostine
nfusion. Tobe pharmacokinetics of amifestine have beea previously described; the plasma
elimination best fits a biexponeatial process with the ta <1 min and the %P of 8 minutes.
Ninety percent of the drug in plasma is cleared within 10 minutes. 28 Thus, there is little drug
in the plasma that could potentially interact with an anticancer drug that is administered at
a later time.

In summary, there does not appear to be any effect of amifostine pretreatment on the
pbarmacokinetics of cisplatin. This is an ongoing study and further cisplatin pharmacokinetics
will be determined in an upcoming randomized Phase I trial of high-dose cisplatin (120
mg/m’) * amifostine pretreatment in patieats with nog-small cell lung cancer.
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Influence of glutathione administration
on the disposition of free and total plaﬁm}m
in patients after administration of cisplatin

R. Leone!, M. E. Fracassol, E. Soresi2, G. Cimino2, M. Tedeschi3, D. Castoldi3, V. Moazani3, L. Colombi3,
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Summary. The kinetics of platinum (Pt) was studied in
12 patients suffering from non-small-cell lung cancer or
pleural mesothelioma. Each subject received an infusion of
cisplatin (CDDP, 80 mg/m?), and six patients were pro-
reared with glatathione (GSH, 2.5 g giveni.v.) at 1S min
Prior o the cisplatin infusion. After a 3- to &-week interval,
all padems were given a second course of treatment on the
same schedule. A biexponential model was fitted to plasma
concentrations of total and ultrafilterable Pr. The excredon
of Pt in urine was evaluated during the first 48 h after the
CDDP infusion. Following the administration of CDDP
alope ar with GSH pretreatment, the pharmacokinetic par-
amcters of I't did not sigrificantly differ botwoen tho troat

ments. Also. the unbound fraction deteomined at each sam-
pling time did not vary significantly between the treat-
ments. However. it is noteworthy that the mean values
abtained for the terminal half-life, the volume of distribu-
.don, the renal clearance, the percentage of the dose ex-
medinmeminc.andthemcanmidenceﬁmeoftomh
were higher in patients who had been pretreated with GSH.
suggestng that GSH might increase both the rate of Pt
climination and the extent of Pt disoibution and, as a
consequence of the latter. might prolong the residence time
ofPtinmebody.lnaddition,theunbomadfucdouofh
from the 4th to the 48th h was higher following the first

introdnetion
Cisplatin (CDDP) is 8 widely used antitumar agent that is
cffective in the treatment of some solid tumors, including

Offprins requests w: A. i. Boehringer Mannheim halie, Re-~

scxrch Center, Viale delle Liberth Km 0.750. 20052 Monza (ITALY)

lung cancer. The pharmacokinetics of Pt has been smdied
in cancer patients who have received CDDP treatrnent (4.
5. 10, 11]. Evidence of & dose-. effect for CODP
hasledmd:euseotji;ighdosesofﬂxisdmg {7]. Since

the anttumor activity of the Cytotoxic agent (3; 12, 13].
The aim of the preseat study was to investigate the effect of
GEH prowoatmont on the kinetios of toml and uitrafitora-
ble (free) platioum (Pt) in patiems receiving CDDP for the
treatment of nop-small-cell lung cancer or pleural me.
sothelioma.

Patients and methods

: (e0a p
{tvousa).mageofd()ymmwiw

. & lcckeoye
count of >3500 celis/mro’, 2

; chemotherapy
value of >11 g/dl. and 2 senem
) were required 10 show an
of 34 months. Individual exhibriting m':f
EXpOCNCy s severe ic dis-
unwardivucbymnduded.hfamdmmw&wn
nomnﬂmwdlwm > ¥
days |, 8, ls.mzzuaso-mi.v.im' mmwnm
mwmp/mlCDDPgivwoadayzmmmuwwu-
ls-mini.v.infﬂsionh-lelmeumh.is.cneof
ﬂxmpwpsm-lhogjmlls-minl.v.mﬂm'mofzsaGSHin
100 m! pormal saline fast before the administration of CDDP. Uniform
Lv..by@m(lmwﬂuﬂ)m&mwumw:ulbmm

sone (200 mg given i v.) immediately before CDDP administration and
(8mg giveni.v.) and alizxpride (350 mg given i v.) after
the CDDP infusion as standard antiemetic teatroent.
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¥ Table 1, Paticars' characseristics
y Iniciats Sex Age Weight Height Total dase
e (years) (kg) (m) of CODP (mg)
' CODP group:
.(_ M.D. M &0 72 137 144
v.C M 68 68 1.67 140
EO. ™M 56 83 1.78 160
LC M 49 82 1.68 152
GM M 47 67 1.9 140
EP. M 60 84 1.74 158
CDDPeaaH
GM. s F 65 69 1.64 140
AB. M 53 ) 1.7 144
N.Q. M 52 84 i3 160
. sC M 68 30 1.6 120
. AC F 63 33 1L.68 124
i RE. M 51 56 17 128
1
vy Tha i ehlncui;duofmpadmummdin The muwm(cmwm
1 Table 1.cmmwmmmmmmmu (L-)mmuuﬂuuoo{&sd&u“‘-(b)w“-
4. NMMMWMMMWmmM- dmﬂmm:sz&mi)mngmnAmwmm
A uxted before each CDDP infusion. :::ndmbo:dhhmmacum(comuhlmuhm
: . . amount excreted m&m%mm’ Atn4s) tO
b qumawwmmhmmdm UIAUCo-avdwfcerLTbemmmu'm(MRf)“m
p:iorwthcadminismdonofCDDP.ameeoaofhmDPhﬂspn. Msmmdmmmuﬁmmmmwg
and & 5, 15, ard 30 min and L 2. 4.7, 24, and 48 | sfter the infovion. wmAuc.mw-vumummwu)mu ~state
[ Bloodﬂﬂvluminmdiulymdupdﬁllw’_e’w?m'l volumoofdimmw.)mumlmmuurubvh;
- rocm temperanire, and the plasta was separmed and divided into two equations:
dhmmﬁmwﬁmmwu—m'cmuhewyﬁ:d
mdPLTbesmdaliqoamWyulnﬁluadm;hCen- Vi = Dc1.2) ond ) o)
uiflo CFS0A cones (Amicon: cut-off. 50.000 Da) by centrifigation & Ve = C x MRT. . - ©)
1,000 g for 10 min at 4°C. The vicrafiltrate was frozan and etored at mwmdmwomwsmm
=20°C atxil the analysis of free Fr. dqmpfwhwhmwﬁﬁq(ﬁ)wm
Twuhhmmwhminmmm ummoo(mwhmwmendhm
dewermsned afier a | : 10 dilution of the laner with 0.05% Triton tolution, Ol uiapdinng. iczace
mﬁuﬁmmwmmdnﬂwuﬁdnnuy ) . . . .
dilution: when necessary, the ulrafiirates were diluted with 0.1% Triton WWWW'{»MWM snalysis of
’sduﬁon.thihcnmphsmdlumdl:zwimanuwm.uhm 'mfﬂ’wmwwﬁ:mm(mm
of 10 1! were analyzed by flonaless atomic Spectomegy  $econd adminiszation), and times x treatment (interaction) as sources
(Vrzian model 1475-GTA 95). The Limit of quantitation was S ng/mi for ~ Of Varistion.
plasms sasmples and 0.5 ng/mi for wine.
Pharmacokinetic analysis, A bicxponential model for i.v. infusioa
(Bq. l)wnnuentommmnwumumo.u.uéi-. Kesuits
weghting (Slmm&wsmwﬁm)
acconding to the formaia: .
. ., The temporal profiles of total and ultrafilterable Pt concen-
c -I‘_L.ci (A=A A =TV, ! () wations in plasma following the first i. v. dose of CDDP in
wbaecnmemamdm.dudﬁwuhm pxepresencezndﬂ.‘:a*qaofGSHpmmmtmshown
coeflicients and the exponents of each exponental term (had an i v, mﬁg.lmdlmely-’mcmﬁlsmfolIW-
baudouhmmxmmwy.mrammummm ingtheseeondadnﬁnitmﬁonwmverysinﬁhr.'rbemn
mmmmnmmmunnm}cmy wus Aralind pliamawkincde parameters caloulatod from plarma and
from the “"‘“"?"":’o dma Qﬁ:.ﬂmmzmm"@;: urinary data are lsted in Tables 2 and 3. Figure 3 illustrates
QUSTTTRITUD PLsss (4170) miad iss sl wlivmiancion phawe (¢1aB) wrors salon the excretion ofPtdunngﬂxeﬁxszZAmd“hfnﬂowing
lated as: the hrLiDDy uinus-xon._ o i
odest in aent variabili was observed
hrezi = (ZVAL @ vl X/ the

mmmummmmmmmah

(AUCo-4s) and extrapolad 10 infinity (AUC) were obtained using the

following equations in waich ¢ is the posteinfusion time:
3

AUCo—q a‘zldmt-d(rl"'—l)rli T &)

2
AUC= 50’&1 O]

plasma concentradon -values at the differemt sampling
times. The concentration measured in plasma at the end of
the infusion (cmax) Was similar in all subjects and did not
depend on the -the mean valoes ranging from
4.71 (CDDP. first dose) to 5.44 mg/1 (CDDP. second
dose). Similarly, the .mean-valves for AUCo-as

from 72.1 (CDDP+GSH; first dose) to 92.4 mg h I
(CDDP+GSH, second dose) and did not differ significantly
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berween the reamments. Higher interpatient varigbility was
associated with the other estimated whose
values were dependent on the estunate of the terminal
slope of the plasma curves (c. g+ AUC, C, and 112B).
rouowing all treatmeats, the concentation of total Pt
subsided after the peak in a biexponential manner; the
initial rapid decay (1120, from 036 1o 0.45 h). which was
mainly relatod to the distribution provocas, waa followed by
terminal phase (1128, from
83.6 10 143.2 h). Values of ca. 2 mg/l were attained at 4 b
after CODP adusinistnuion, und the 48th h the concen-
tration remained as high as >1 mg/l. The cmax value for free
Ptattheendofmeinfnaion could be superi over
the conceatration of wtal P, indicating that all of the drug
In plasma was unbound immediately after its administra-
tion. The concentration of unbound Pt decreased in a biex.
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Table 2. Mean pharmacokinetic. parameters of total platmm jollowng
ths admuniniration of CDDP or CDDP+GSH

coop CDDP+GSH
I1stdote  2nd doce istdose  2nd dose
Ceuas (mgN) . 4.71 344 49 539
Q.77) (111 0.82) (125)
nna (h) 036 037 043 04s
(0.15) 0.18) (0.18) 0.19)
anf (b) 8s5 881 120.7 1432
. (16.5) 36) (EY )] 464.4)
AUC(mghi) 2301 2621 3008  450.1
(64.7) (1213) - (164.9) (239.3)
AUCo.aa(mgh) 751 824 21 92.4
(14.5) (14.1) (1953) (19.9)
MRT () 126 - 1261 1729 2055
1) 5L3) (22) (928)
C(ml b-i kg-t) 592 s.7s 6.17 4.01
1.9 (248) (3.54) (205)
Ox (ml br! kg~) 331 426 751 6.37
Q.67 (1983) 225) (0.68)
Ao (%) 37 258 385 421
(19.7) (119) (15.6) (12.9)
Vi (Vkg) 02s o2 028 0.26
@Q.04) (0.04) .05 0.09)
Ve (Vkg) 0.7 0.63 089 0.69
©.1n (0.09) 033) ©.23)
SD values sre shown in perentbescs

ponential fashion. The half-life associated with the distri- -
bution phase (t12¢, from 0.43 1o 0.46 h) was similar to that
of total Pt wheicas e appaccul (o 1igiial half~lifc (a.p.
from 39.4 10 87.7 h) was much shorter than that of tota] Pr
i of the binding in plasma. The
extent of Pt protein binding in plastma increased with time:
duﬁngdleﬁm4h;theunbmndﬁ'acﬁon(fu)decnmscd
from approx. 0.95 to 0.05. and it dropped t 0.03 at the
48th h. Figure 4 shows the time dependency of the fu
fraction of P This bas previously been re-
ported for Pt pharmacokinetics [4).
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Table 3, Mcan pharmacokanetic of upbound platinum follow-
ing the sdministration of CDDP or CDDP+GSH
CDDP CDDP4GSH
1st dose 20d dose Istdose 2nd doso
{ 4.76 5.0 507 45
Cue (67D o) (1.8} 199) 139)
nna @) 043 C.46 0.43 043
(Q03) (0.08) 0.04) a.n
nnB @) B4 8.7 Q7 50.1
(114) (LY 2 ) (3).3) (42.3)
AUC (mg b I-%) 7.2 11.84 9.04 10.87
(0.56) 2.0 (2.45) .67)
AUCucas (g b)) 54 €26 &57 A SR
{0.55) (1.12) 0.93) (1.7)
Ce (ml b kg-1) 181 108.9 1816 1829
(16.3) (16.1) (3315 (902)
Ve (Vkg) 1037 129 1) 9.17
(3.74) 631) (1.52) 3.02)
SD values are shown in parentheses

Platinum proved to be widely distributed in te body:
the values for the volume of distribution ranged from 0.63
(CDDP. second dose) to 0.89 Vkg (CDDP+GSH. first
dose), indicating that Pt is distributed to both the extra-
wilulas and the intraesllulor fluido. Dlatn wao olowly;
cleared from the body, the total clearance ranging from
4.01 (CDDP+GSH, second dose) to 6.17 ml bt kg~
(CODP+GSH, first dose).

The occumrence of a high volume of distribution and &
luow Clearance resulted in 2 long terminal half-life and a
high mean residence time (MRT, 122.6~205.5 h) for Pt. In
48 h. the urinary recovery of the administered dose ranged
from 26.8% (CDDP. second dose) t0 42.1% (CDDP+GSH.
second dose), contirming the slow elimunaton of #t from
the body. The renal clearance values ranged from 4.26
(CDDP, second dose) to 7.51 ml b-! kg-! (CDDP+GSH.
first dose) and were similar 1o those found for total clear-
ance. This indicates thar the eliminaton of Pt from the
body occurs mainly by renal excretion. The Pt pharmaco-
kinetic parameters obtained in the present studv are consis-
tent with previously published data (5, 10, 111

Discussion

The effect of GSH pretreatment oo the pharmacokinetics
of total and free platinum was investigated in 12 cancer
patiens following i. v. infusions of 80 mg/m2 CDDP in the
presence or absence of GSH pregeaiment. Fur ethicad seca-
sons, the last sampling time was at 48 h after the adminis-
tration, an early cutoff point for a drug that is characterized
by a tong elimimation half-life, ana Me terminal phase of
the plasma curve was defined by a few experimental
points. Therefore, some degree of uncertainty might be
associated with the cstimartc of the terminal ratc constant
and, consequently, with the pharmacokinetic parameters
derived. The AUC value calculated using the trapezoidal

. . WBSY 59 8385303

2 0.10
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Fig. 44, b. Tume dependency of the unbound frachon of X sNer e
AM:Mbmmm«CDDP(G)MCDDPmH
@)

rule rom dme zetv w e last uraswed vancuuatva
accounted for only about 20%-30% of the toml AUC.
indicating that most of the curve was not experimenually
znasqpe;:)ted but rather predicted by the fitting model used

Influence of GSH pretrearment

Following the edministration of CDDP alone or with GSH
preucatment, ‘mest of the pharmacokinetic parameters of
CDDP were not significantly different between the treat-
ments. Neither the parameters defining the rate (£112) and
the extent (Vy, Vo) of distribution nor those quantifying
the rate (C, CR) and the extent (Aeg~4s) of elimination
wese significandy different following the administration of
CDDP in the presence vs the absence of GSH pretreatment.
Moreover, the unbound fraction determined at each sam-
pling dux Jdid wnn vauy Siguilivandy betwecu Ure ucat-
ments.

The relatively high variability in the values of the para-
meters and the small number of patients treated may ex-
plain the lack of statistically significant differences be-
tween the reatmeats. In comparing the mean values ob-




tuned for the pharmacokinetic parameters following the
administration of CDDP vs CODP+GSH, some considera-
tions seem noteworthy. The GSH preaeatment appeared to
hivicase buth the rate of total Pt olimination and the extent
of total Pt distibution and, as a result of the latter, scemed
to increase the residence time of Pt in the body. In fact,
aflel dre fust adminisrstion of both medicationc. the
volume of distribudion increased from 0.7 to 0.89 Vkg: the
renal clearance, from 5.31 to 7.51 ml h-! kg—!; the pereent-
age of the administered dose excreted in the O- to 48-h
urine sampie, from 29.7% to0 38.5%:; the AUC, from 230 to
301 mg b F1; the MRT, from 122.6 to 172.9 h: and the
terminal half-life, frorm 85.6 to 120.7 h.

The possible influence of GSH om the distribution and
climination of Pt could bo theo result of the sffect of GSH on
Pt binding to plasma protein. It is generally recognized that
only the free drug is available for tissue distribution and
climinaton {8); an inoreaso in tho free fraction of Pt recults
in an increased volume of distribution and clearance, the
drug having a Jow extraction ratio. We actually observed
that the unbound fraction of Pt from the 4th 1o the 48th h
was higher following the first dose of CDDP+GSH than
after oeatment with CDDP alone (Fig. 4). Accordingly. the
clearance value for unbound platinum (Cy) did not vary
after the first infusion of CDDP and CDDP+GSH
(Table 3). '

Tollowing i v. administration. exogenous GSH rapidly
disappears from the plasma compartment (1] and is remov-
ed by the kidney, in which high concentrations of the thiol
‘upwnl arc acliioved [13]). In fact, CELI is not takon up
by most of the cells, except for those tissues showing
substantial expression of y-glutamyl-transpeptidase (y-GT)
on the cell membrane surface, mainly in the kidney. Since
the nephrotoxicity of cisplatin has been ascribed to its

- reaction with the thiol groups of membrane proteins of
renal tubales [2], GSH may reduce this toxicity by compet-
ing with protein sites for reactive platinum intermediates.

Thercfore, the obvervod reduction in the nephrotoxicity
of CDDP given with GSH pretreatment might be inter-
preted as the consequence of both an increase in the renai
clearance of the former (due to the increased unbound

- fraction of CDDP in plasma) and a reduction in CDDP’s
interaction with the thiol groups of membrane proteins of
rcaal tubules. Extruccllular GEH doos not intorfolo with the
cytotoxic activity of cispiatin {9] and as the most common
tumor histotypes express relatively low levels of ¥GT.
GSH uptake by the tumor cells is unlikely. Therefore, the
extraceilular or intracellular inactivation of toxic platinum
specics by GSH in the tumor is not expected.

-Time dependency of Pt kinetics

In a comprrison of the pharmacokinetic parameters obtain-
ed following the first and the second dose. 0o time depen-
dency of Pt pharmacokinetics was found afier the adminis-
tration of CDDP alone or with GSH pretrcatment. The
parameters obtained after the first administration did not
significantly change following the second dose.

wLOD O BlODJuY .00
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The tolerability of the present regimen was evaluated by
Astarminatinons of blood cell counts. blood urea nritrogen
vajues, and levels of senmmn-creatinine, serum electrolytes.
SGOT, SGPT, alkaline phosphatase, and serum total bil-
irubin Nn major side effact was observed following treat-
ment in either of the groups. Nephrotoxicity did not occur
in the two groups, as expected due to the low CDDP dose
given, 10 the short duration of treatment, and to the limited
number of patients.

Conclusions

In the present study, the pharmacokinetics of cisplatin was
studied in cancer patients following the administration of
cicpladn in the pretence or ahernere af GSH pretrearment.
Due to high variability of the estimates of the parameters
and to the limited number of paticuts, the pharmacokinetic
parameters of free and total platinum did not differ signifi-
candy berween the treatments. However, a comparison of
the mean values obtmined for most pharmacokinetic para-
meters calculated for-total Pt after both administrations
suggested that GSH pretreatment may increase both the
extent of CODP tissue distribution and the rate of the
drug’s elimination. This may explain some recentt observa-
tions indicating that GSH pretrearment diminishes cispla-
tin’s nephrotoxicity without reducing its antitumor activi-
ty. Further work using a ‘larger numbar of patieats ic
planned.
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ABSTRACT

The pharmacokinetics of cisplatin was investigated in
13 patients receiving 18 courses of cisplatin alone or in
combination with amifostine to investigate the influcnce of
amifostine (WR 2721; Ethyol) on the pharmacokinetics of
cisplatin. Cisplatin was administered as.a 1-h iLv. infusion,
whercas amilostine was given Lv. over 15 min just before the
cisplatin infusion.

An increase in the fina! half-life of ultrafilterable plat-
inum was observed after Lreatment with cisplatin and ami-
fostine (t,5, 0.77 = 0.10 h; n = 8), compared to cisplatin
alone (t,,, 0.57 % 0.15 h; n = 8). This might be caused by an
influence of amifostine on the kidney function, because an
increase in the serum creatinine levels was also observed
24 h after treatment with cisplatin and amifostine (13.8 =
12.6%; n = 9), which was not observed after treatment with
cisplatin alone (~0.1 = 68%; n = 9).

Surprisingly, the [inal half-life of unchanged cisplatin
did not incrcase, but even showed a slight decrease after
treatment with amifostine. /n vitro data would suggest that
this might be due to a chemical interaction between cisplatin
and amifostine. Because the AUC values of uhcafilterable
platinum and unchanged cisplatin did not change signili-
canty and no change in Pt-DNA adduct (Pt-GG) levels in
leukocytes was observed upon addition of amifostine in the
treatment schedule, the change in the pharmacokiaetics of
cisplatin is most probably of minor importance and has no
significant impact on the efficacy of cisplatin, as already
confirmed by clinical studies.

INTRODUCTION
Cisplatin [cis-diamminedichloroplatinum(Il)] is widely
used in the treatment of solid tumors, in particular in testicular
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and ovasrian tumors and in carcinomas of the bladder, lung,
cervix and head and neck. Because of its steep dose-response
relationship, several studies have focused on efforts to increase
the dose intensity of cisplatin and concomitantly to decrease the
toxicity of high-dose therapy (1). Most commeon side effects of
cisplatin include nephrotoxicity, neurotoxicity, ototoxicity, and
myelosuppression. '

Amifostine  [S-2-(3-aminopropylamino)ethy!-phosphoro-
thioic acid, WR 2721, Ethyol] is one of the most promising
chemoprotective agents in the modulation of cisplatin-induced
toxicities. In preclinica!l studies, amifostine reduced cisplatin-
induced nephrotoxicity without reducing its antitumor activity
(2-5). In clinical trials, amifostine appeared to reduce the inci-
dence of cisplatin-induced nephrotoxicity and hematotoxicity
compared to historical data (6-8). Preliminary data from ran-
domized trials showed a reduction in the incidence of neutro-
penia, nephrotoxicity, and neurotoxicity induced by treatment
with cyclophosphamide and cisplatin (9) and a protection -
against cisplatin-induced bone marrow toxicity, neuropathy. and -,
nephrotoxicity (10, 11). The influence on cisplatin-induced oto-
toxicity is still unclear. No indications of tumor protection were
observed.

Because amifostine changed the pharmacokinetics of car-
boplatin in patients and mice, manifested by increased platinum
levels, which might be related to an increase in the antitumor
activity (12, 13), the aim of the present study was to investigate
whether amifostine also influences the pharmacokinetics of cis-
platin in patients. To this purpose, the pharmacokinetics was
studied both in patients who received cisplatin plus amifostine
and in patients receiving cisplatin alone. Total platinum, uitr-
filterable platinum, and unchanzed cisplatin concentrations were
determined in plasma and the major cisplatin-DNA adduct,
P1-GG, in"WBCs.

PATIENTS AND METHODS

Patients. This pharmacokinetic rudy was performed
within the context of 2 Phase 11 trial, in which the combination
of cisplatin and amifostine was studied. Aqifgstine was initially

_2dministered at a dose of 910 mg/m? but was reduced to 740
mg/m? during the stiidy.because of nausea and hypotension. The

" pharmacokinetics of cisplatin in patients treated in this Phase
111 rial was compared to the pharmacokinetics of cisplatin in a
control group of patients treated with cisplatin alone.

A towal of 13 patients, 7 males and 6 females, ages 44-71
years, were entered into this pharmacokinetic study after in-
formed consent had been obtained. These- patients-received.

. cithers70.mg/m* cisplatin aloae (four:patients) or cisplatin plus
910 mg/m® amifostine (four patients).-The remaining five pa-
tients were first treated with cisplatin alone | week before they
were weated with cisplatin plus 740 mg/m* amifostine in the
Phase V11 study.

All patients had not received prior treatment with cisplatin,

100
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except one, who had already received one cisplatin course |
week before the treatment with cisplatin alone followed by
cisplatin plus amifostine.

Except for onc patient, who had a low Cler® (32 mV/min),
all of the patients had a normal renal function (Cier > 60
mUmin, calculated with the Cockroft formula; Ref. 14). The
mean Cler in patients sampled during treatment with cisplatin
alone was comparable to that in patients sampled during treat-
ment with cisplatin in combination with amifostine (84 versus
91 mUmin). Similar serum creatinine levels were found at the
start of the first and the second courses in patients who were
sampled during two subsequent courses.

In total, 18 cycles were studied, 9 cycles of cisplatin and 9
cycles of cisplatin and amifostine. The pharmacokinetic data of
the patient with the impaired renal function, who was treated
with cisplatin alone followed by cisplatin plus amifostine, could
not be integrated in the results of the two treatment groups.
These data were only used for an intrapatient comparison.

in towal, eight cyclds of cisplatin were compared to eight cycles -
~ of cisplatin plus amifostine.. Also, 3 comparison was made

between the two treatment groups including only the first treat-
ment cycles to exclude a possible influence of prior treatment,
which includes 7 cycles of cisplatin versus 4 cycles of cisplatin
plus amifostine.

Drug Administration. Cisplatin (10, 25, or 50 mg/vial;
Bristol Myers Squibb, Woerden, the Netherlands) was dissolved
in 330 m! of 3.0% NaCl. Amifostine (500 mg of lyophilized
amifastine/vial with 500 mg of mannitol; USB Pharma, Nijme-
gen. the Netherlands) was dissolved in 55 ml of 0.9% NaCl.
Both drugs were given as i.v. infusions by using syringe infu-
sion pumps. Cisplatin was administered for | hour. Anmifostine
was given as a 15-min infusion immediately before the cisplatin
administration. Patients received 1 liter of normal saline before
the start of treatment and 4 liters of normal saline at the end of
the cisplatin infusion.

Sampling. For the pharmacokinetic studies, blood sam-
ples of 6 ml were taken in cooled heparinized tubes just before
treatment; at 30 min after the stant of the ¢jsplatin infusion; at
the end of the cisplatin infusion: and at 1S, 3% and 45 min and
1.1.5.2,3,4,5,9, 21, and 24 h after the end of the cisplatin
administration. At 5 and 21 h after the end of the infusion, an
additional 18 ml of blood were collected for the analysis of
cisplatin-DNA adducts in the leukocytes. Urine was collected
during the first 25 h after the cisplatin administration had
started.

Samplie Pretreatment. Blood samples were immediately
placed on ice and centrifuged at 2000 X g for 5 min at 4°C.
Plasma was ultrafiltrated (1500 X & for 30 min at 4°C) using
MPS-1 systems provided with YMT filters (Amicon, Capelle ¥,
yssel, the Netherlands). The plasma ultrafiltraie was chromato-
graphed in duplicate (2 X 100 ul) on an anion exchange column
(MCI gel CDRI10 (Mitsubishi Chemical Industries, Ltd., Dis-
seldorf, Germany), 100 X 4.6 mm: mobile phase, 15 mm NaCl;

- flow rate, 1.5 mUmin], and the fractions contining unchanged

? The abbreviations used are: Cler, creatine clearance: AUC, area under
the plasma concentration-time curve; MRT. mean residence time,

cisplatin were collected. The RBCs were washed once with
PBS. Plasma, plasma ultrafiltrate, cisplatin fractions, and RBCs
were stored at —20°C unuil platinum analysis. For the analysis
of Pt-GG adducts, 18 m| of whole blood were stored at ~-80°C
until an:!.lysis. The urine fractions were pooled, and after meas.
uring the total volume, an aliquot was stored ar =20°C frr
platinum determination.

Analytical Methods. Plasma samples were diluted 10
times with 0.38 M NaCl in 0.5 m HC! and 0.1% Triton X/Ang-
foam B. Plasma ultrafiltrate samples were diluted 2.5 times wig,
0.15 M NaCl in 0.2 M HCIL. The unchanged cispl:nin-comaining
column fractions were evaporated and reconstituted in water,
The urine samples were diluted 10 times with 0.15 M NaClin 0.2 .
M HCl. RBCs were destroyed ovemight at 55°C w3 0.§ ml of
benzethonium-hydroxide (Si gma, Zwyndrecht, the Netherlands)
and then diluted with 4.25 ml 0.2 M HCL. Calibration standards
and quality control samples, prepared by adding cisplatin 1o
blank plasma, plasma ultrafiltrate, urine, and RBCs, were
treated the same way as the patient samples. Platinum concen-
trations were measured with flameless atomic absorption spec-
trophotometry (Spectra AA-300 Zeemnan AAS, Varian. Houten,
the Netherlands).

For the analysis of P1-GG adducts, the leukocytes were
isolated from the thawed blood samples (15), followed-by iso-
lation of the DNA after inactivation of free and monofunction-
ally bound cisplatin with thiourea (16). Then, after digestion
of the DNA and chromatography of the digest, the P-GG
adducts were quantified with specific antibodies in an ELISA
(15. 16). The levels of other cisplatin-DNA adducts were not
detectable.

Pharmacokinetic Analysis. The pharmacokinetic pa-
rameters of total platinum, ultrafilterabie platinum, and un-
changed cisplatin were calculated with a two-compartmental
model by the pharmacokinetic data analysis program Topfit 2.0
(Gustav Fischer, Stuttgan, Germany). The results were com-
pared with the results obtained from the noncompartmental data
analysis. For total platinum, the pharmacokinetic analysis in-
cluded the data collected during the first 25 h afier the start of
the treatment, whereas for ultrafilterable platinum and un-
changed cisplatin, only data were included tha had been ob-
tained during 4 and 3 h, respectively, after the stant of the
cisplatin treatment. For the calculation of the final half-lives in
the noncompartmental data analysis, the four final data points of
total platinum and the three final data points of ultrafilterable
and unchanged cisplatin were used.

For the calculation of the AUC valyes (from ¢ = 0 w0
infinity) of total platinum in plasma and RBCs of patients who
had previously been treated with cisplatin, the calculated values
were cormrected for the contribution of the platinum still present
from the preceding treatment. The fraction of the AUC value
originating from the preceding treatment was calculated by the
platinum concentration at the start of the treatment under study
and the climination half-life established berween 24 h-after the -
preceding treatment and the start of the treatment under study.

\ These half-lives were comparable to the values previously re-

rted in the literature (17);
In a few patients, the ¢ o-companmental curve firting of
ultafilterable or unchanged cisplatin resulied in an unrealisti-
cally long hall-life, when compared 10 the results from the
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( Table | Ph.amu’cokit}clic parameters (means = SD) of total platinum (TPY), ultrafilierable platinum (UFP1), and intact cisplatin in plasma after
treatment with cisplatin alone (CIS) or in combination with amifostine (CISWRY) in all patients with normal renal function (Cler >60 mUmin)*
o= . v Ca
" . }';"_ . CA/" 1‘0 M}”" (Cockeroft;
Plasma pharmacokinetics RBCs Urine Ref. 14)
a AUC
Platinum AUC tira fina MRT (meil;l/ Vss (nmoV/ Ac
species Tretment a (uM - h) M) M) () .73 mY  (liteskg) n  gmin) a (% ofdoe) n  mUmin
Th cs 8 601=104 039=004 S72=140 81.1=203 95=25 069 =011 8 448=84 6 M3 =44 8 B1=17

CISWR 8 6l14=157 032=007 539=156 765=227 88=136 058=0.14 8 520=69 4 333=61 8 91 =18

Qs
CISWR
Cisplatin CIS 13823 016=014 047=0.12

CISWR 8 132=1]

8 161=16 020:0.!3'/057:(“5 ) .70 =006 420=37 028=003
8 176=19 029:0.|3Q7—7/=/0J 078=0.10 333=39 028=004
8 063 =005 501 =87 03!=007
1L17=018 039=007 061=007 52077 030 =004

“ f,~.. distribution hall-life: £y initial elimination haif-life: Cl. wotal body clearance: Vsx. apparent volume of distribution at steady state: Ae.

cumulative urinary excretion over the first 24 h: n. aumber of patients.
*p <00S.
cP <00l
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(UFPr). and unchanged cisplatin = 720 + . H ' —— ° z
(CisPt) in patients with 3 normal re- 2 _g_ ' H -y -
nal function (Cler >60 inl/min) afier & ' ' ® o 12 o
weament with cisplatin alone () . * 8 ' : . ° P
and cisplatin in combination with O 480 ' : w
amifostine (O). HMorizentul lines, 2 . . 8 2
means. . ' g
. : <
4 . ,
240 : ; 4
. TPt + UFPt : CisPt o

noncompartmental analysis. In those cases, the curves were
fined again with the two-compartmental model after fixation of
the value of the ‘elimination rate constant 10 the value obtained
from the noncompartmental analysis.

Statistics. For the statistical evaluation of the results,
Student’s ¢ test (unpaired) was used.

RESULTS

To investigate a possible influence of amifostine on the
pharmacokinetics of cisplatin, the mean values of the pharma-
cokinetic parameters of the three platinum species {total plati-
sum, ultrafilterable (not protein-bound) platinum. and un-
changed cisplatin] after reatment with cisplatin in combination
with amifostine were compared with the data after treatment
with cisplatin alone (Tabie 1). In Figs. 1 and 2. the individual
data of the most imporant parameters. the AUC and the final
half-life in patients with a normal renal function. are shown. In

Tabie 2. the mean values of the pharmacokinetic parameters are
given for patients who were not treated previously with cispla-
tin, to exclude a possible influence of prior treatment.

No significant changes in the AUC values of total plati-
num, ultrafilierable platinum, and unchanged cisplatin were
observed after treatment with amifostine. For total platinum, a
decrease in the initial and final half-life was observed, of which
only the first was significant. For unchanged cisplatin, too, a
wrend for a decrease in the final hall-life was seen, whereas for
ulirafilterabie platinum, the final half-life significantly increased
after treatment with amifostine. No significant changes were
observed for MRT, total body clearance, distribution volume,
AUC of total platinem in RBCs. or cumulative urinary excre-
tion, although trends for an increase in AUC and MRT and a
decrease in total body clearance were seen for ultrafilierable
platinum, in agreement with the increase in the final haif-life.

The same ucnds were observed when comparing the data
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Table 2 Pharmacokinetic parameters (means = SD) of total platinum (TP, ultrafilterable platinum (UFP1), and intact cisplatin in plasma after
with cisplatin alone (CIS) or in combination with amifotine (CISWR) in previously untreated patients with normal renal function (Cler

>60 mUminy”
Cer
I {Cockeroft
Plasma pharmacokineties RBCs Urine Ref. 14)
AUC
Platinum AUC fe v MRT (mlUmin/ Vss (nmol/ " Ae
a specics Treument - (uM - h) (h) (h) (h) L3 m?)  (literskg) o gmin) a1 (% of dose) o m¥min
{ - ™ cis 7 671295 0382004 533=94 54134 102216 072 =010 7 4a8=9] s HM2=z497 g7=17

CISWR 4 559 = 4| 029 =0.06* 437=56 615283 120=03 069=009 4 s16=68 ; 386 4 102=16

v

UFRt  CIs 7 160=16 0.18=0.12 0355=0.15 0.69 = 005 43 =39 028=003
CISWR 4 17124 020009 0.77=008" 0732008 393=32 027 =0.03

Cisplatin CIS 7133z21 0t =00 048=0.12 063=00s SI8=86 033=007
CISWR 4 124=16 0.1220.16 033=002* 0356 = 0.0¢* 556 = 96 029 = 0.06

“ tizo... distribution half-life: irxg. initial elimination half-life: Q1. toeal body clearance; Vss, apparent volume of distribution a1 steady state; Ae,
cumulative urinary excretion over the first W h; Aanumber of patients.
*P < 00s. ’

of patients who were not treated previously with cisplatin (Table creatinine levels just before treatment and 25 h after the start of
2). When comparing the pharmacokinetic data of cisplatin with the treatment with cisplatin. In the cisplatin-treated group, the
and without amifostine within a2 representative patient, an in- serum creatinine level did not change (change in serum creatj-
crease in the final half-life of ultrafilterable platinum was seen nine: =0.1 * 6.8%; n = 9). whereas in patients treated with
as well (Fig. 3). In the patient with the impaired kidney function cisplatin in combination with amifostine, the serum creatinine
(Cler, 32 mUrmin), the same trends were observed: after treat. levels at 25 h after the san of treatment were significantly
ment with amifostine, the AUC of vitrafilterable platinum in- higher than the levels just before the start of treatment (change
creased from 17.5 to 19.9 w3t - b, whereas the AUC values of in serum creatinine, +13.8 = 126%;n= 9, P = 0.01).
total platinum and unchanged cisplatin decreased from 2002 to In Table 3, the Pr-GG adduct levels are shown for blood
1223 pm - h and from 18.2 10 15.1 pm - b, respectively. These samples collected at 6 and 22 h after the stant of the cisplatin
data correspond to an increase in the final half-life of ultrafil-  administration from patients who were not treated previously
terable platinum from 0.58 10 1.01 h; to a decrease in the final with cisplatin. No influence of amifostine on the formation or
haif-ife of totaj platinum (from 131 t0 80 h); and for unchanged repair of the cisplatn-DNA adducts was observed. In the pa-
cisplatin, to a small decrease from 0.63 10 0.5] h. tients who had received prior treatment with cisplatin, elevated
In relation to the observed increase in the final half-life of P1-GG levels were observed, due to adducts still remaining from
uliafilterable platinum, a possible influence of amifostine on the preceding wreatment. In Pauents receiving rwo subsequent
( the renal clearance was investigated by measuring the serum  courses of cisplatin, the P1-GG levels in the WBCs were higher
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Table 3 P1-GG adduct levels (mean = SD) in leukocytes of
previously untreated patients at 6 and 22 h after receiving cisplatin
alone (CIS) or in combination with amifostine {CISWR)

Time (h) Treatment n P-GG (fmol/ug DNA)
6 Cis 6 127 = 0.42
CISWR 4 131 =036
22 CIS 6 0.89 = 0.24
CISWR 2 0.92

than afier the first course, i.e., 1.63 = 0.25 fmol/ug DNA (n =
S)and 1.17 = 0.25 fmol/ug DNA (n = 5) at 6 and 22?1\'_4'(:1- the
suut of the second treatment, respectively.

DISCUSSION

Previously, we reported a pharmacokinetic interaction be-
tw=:n amifostine and carboplatin (13). An increase in the final
ki life and the AUC value of ultrafilterable platinum in plasma
was observed after wreatment with carboplatin in combination
with amifostine. Therefore, we investigated whether amifostine
had the same influence oa the pharmacokinetics of cisplatin.

In this study. a 1.3-1.4-fold increase in the final half-life of
ultrafilterable platinum was observed afier weatment with cis-
Platin and amifostine, which was comparable to the observed
increase in the final half-life when carboplatin was combined
With amifostine. This explains the small increase found for the
AUC and MRT values, because only the relatively low concen-
trations at the end of the curve were enhanced. For the total body
tlearzace of ultrafilterable platinum, a slight decrease was ob-
served, indicating that the increasc in the final half-life might be
due 10 1 decreased renal elimination of cisplatin, which is the
Major pathway of excretion of cisplatin (17). As we found in the

carboplatin study (13), this was confirmed by an increase in the
serum creatinine concentration observed after treatment with
amifostine. In the cisplatin study, the increase was smaller than
that observed in the carboplatin study (14 versus 34%), most
probably due to the number of administrations of amifostine,
because carboplatin was combined with three doses of amifos-
tine. However, the more intensive hydration in the cisplatin
study might also play a role in the reduced influence on the
serum creatinine levels when compared (o the carboplatin study.
In both studies, the increase in serum creatinine was completely
reversible, because within | week, the serum creatinine levels
returned 10 the level measured before treatment. Therefore,
this effect will probably not have a negative influence on the
protection by amifostine against the cisplatin-induced nephro-
toxicity.

The phanmacokinetics of total platinum was not influenced
by amifostine. No increase in the final half-life was observed,
but on the contrary, a trend for a decrease was seer vhen
amifostine was administered. This difference in effect of ani-
fostine on the pharmacokinetics of total platinum and ultrafil-
terable platinum suggests a possible change in protein binding
by cisplatin. /a vitro, however, amifostine and its active metab-
olite, WR 1065, only have a smal} impact on the protein binding
of cisplatin. Only after 6 h, when most of the cisplatin is already
bound to proteins, the ongoing binding is slightly reduced (data
not shown). /n vivo, in most cases no detectable ultrafilterable
platinum levels are observed at 6 h after treatment, and there-
fore, an influence of amifostine on the protein binding of cis-
platin is not likely. The fact that the final half-life of total
platinum did not increase by amifostine confirms the hypothesis
that the influence on the final half-life of ultrafilterable platinum
was caused by an influence on the renal elimination, because it
was reported eardier that the pharmacokinetics of total platinum
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is unaffected by renal impairment (18). The final half-life of
towa] platinum is largely dependent on the tumover rate of the
proteins to which the platinum compound binds irreversibly,
The smal? decrease in the final half-life could not yet be ex-
plained.

Surprisingly, the final half-life of unchanged cisplatin did
not increase by the amifostine treatment, as was observed for
ultrafilterable platinum, but showed even a slight decrease. This
may panly be caused by the fact that the influence of amifostine
on the renal elimination is not an immediate effect, and there-
fore, the influence will be less proncunced when a shorter
observation period is used, which is the case for the final
half-life of unchanged cisplatin.

One reason for the difference in the influence of amifostine
on the pharmacokinetics of cisplatin in comparison 1o carbopla-
tin might be the difference in the pharmacokinetic behavior
between cisplatin and carboplatin itself (19). Although both
drugs are excreted predominantly by the kidneys, they have
different elimination pathways: carboplatin is excreted mainly
by glomerular filtration, whereas in the case of cisplatin, active
tubular secretion and reabsorption play a role as well ( 19).

In the case of cisplatin, the clinical relevance of the ob-
served pharmacokinetic interactions is probably small, because
no significant influence on the AUC values of total platinum,
ultrafilterable platinum, and unchanged cisplatin was seen, nor
did the observed pharmacokinetic interactions lead 1o any
changes in the level of the main P1-DNA adduct. P-GG. in the
leukocytes of the patients. However, the influence of amifostine
on the platinum concentrations and the Pi-DNA adduct levels in
lissues, especially tumor tissue, is still unknown,

In conclusion. amifostine has only a minor influence on
the pharmacokinetics of cisplatin in plasma, resulting in an
increase of the final half-life of ultrafilterable platinum,
comparable to that found for ultrafilterable carboplatin. This
may be due to a direct influence of amifostine on the renal

.function, as indicated by an increase in serum creatinine

levels. The influence on the pharmacokinetics of unchanged
cisplatin was not comparable to that of unchanged carbopla-
tin. which might be due to some chemical'mferaction between
cisplatin and amifostine. Most probably, this has no influence
on the efficacy of cisplatin in the tumor, because no indica-
tion of any reduced efficacy of cisplatin was found in this
study or in other clinical studies (9. 10).
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